SYNOPSIS An account is given of two separate outbreaks of diphtheria amongst mentally subnormal patients and nursing staff. In a total hospital population of about 1000 the number of people involved as carriers or cases was 60 and there were five deaths. The 60 people comprised 56 patients, of whom four were involved in both outbreaks, and four nurses. The organisms isolated were C. diphtheriae mitis but five strains were non-toxigenic. It is postulated that the outbreak began following the conversion of a non-toxigenic organism to a toxigenic one by bacteriophage action. The fatal cases were examples of membranous pharyngo-laryngo-tracheo-bronchial diphtheria with well marked pseudo-casts of the upper air passages.
No apology is necessary today in reporting an outbreak of diphtheria in this country. It is difficult to realize that in 1940, the year the Government decided on its massive immunization policy, more than 45 000 cases were notified in England and Wales with nearly 2500 deaths, mostly in school children. Today diphtheria is rare, but it remains a dangerous and deadly disease.
Received for publication 12 An outbreak of diphtheria in a hospitalfor the mentally subnormal lowest grade, they are severely subnormal and often quite untrainable in ordinary hygiene. In Turner village are 11 villas, housing up to 60 patients in a villa, together with the usual administrative, therapeutic, recreational, and other buildings (fig 1) . Patients of the same sex are allowed to mix for recreational and occupational activities. All the patients are male except those in villa 8, and the children are housed in villa 9. The plan and bed arrangement are the same for villas 1 to 8 with a separate arrangement common to villas 9, 10, and 11. There is a serious state of overcrowding, readily seen in the plans. Not 1962, 1965, and 1969, which responded to antibiotics. He was noticed to be ill at 6.0 pm on 5 May 1970 with a temperature of 104-20F (401°C), pulse 120 per minute, and respirations 35 per minute. Sodium benzylpenicillin and streptomycin intramuscularly were started at 8.0 pm but 24 hours later he had a 'seizure' and collapsed, dying in five minutes. The total length of his illness was 25 hours.
Postmortem examination on 8 May revealed an obvious mongoloid subject and in the heart a ventricularseptal defect 25mm. in diameterwasfound just below the aortic valve. In addition to marked generalized venous congestion, there was a continuous, creamy-grey membrane present from the fauces, through the larynx and trachea, and reaching the main bronchi. The lungs showed marked and severe bronchopneumonia with widespread pleural adhesions. The liver and spleen showed non-specific toxic changes. In the brain there was a small area of cerebellar softening.
Swabs taken at necropsy of the membrane did not show diphtheria-like bacilli on direct smears and cultures were negative.
Death was attributed to acute laryngo-tracheobronchitis and bronchopneumonia and congenital heart disease. It was realized that the laryingotracheo-bronchitis was not of the type usually seen in, for example, the necrotizing influenzal pneumonia. From experience of later cases we are in no doubt that this patient died of diphtheria with secondary pyogenic infection. Case 2 This patient is presumed to have died from diphtheria but a postmortem examination was not requested.
The patient was a male aged 47, with Down's syndrome, who spoke only a few words and required help in feeding, washing, and dressing. At times he was doubly incontinent and there was a past history of infections of the lungs, eyes, and skin, all responding to appropriate treatment.
On 24 May (18 days after the first case) he became ill at 10.0 am with a temperature of 100°F (37 8°C), pulse 110 per minute, and respirations of 23 per minute. He was described as 'chesty' and sodium benzylpenicillin and streptomycin were started immediately. His condition was unchanged for the rest of that day but at 6.45 pm there was a rapid deterioration and he died at 7.15 pm. The total length of illness was nine hours. Death was attributed to bronchopneumonia and in the absence of a necropsy we can only suspect diphtheria. Case 3 This male patient aged 43, with Down's syndrome, could talk a little and was able to dress and feed himself. At times he was doubly incontinent. There An outbreak of diphtheria in a hospitalfor the mentally subnormal was a past history of infections of the skin, eyes, and ears, and in 1969 he had bronchopneumonia and influenza responding to antibiotics.
He became ill on 28 May (four days after case 2) with a temperature of 100A40F (38 0°C), pulse 125 per minute, and wheezy respirations of 40 per minute. Oxytetracycline was immediately started but he did not improve and 24 hours later he was cyanosed with bronchospasm. His throat was not clearly seen but some greyish-yellow fluid was glimpsed and the tonsils were red. At this stage he was transferred to the Isolation Hospital and a throat swab taken with difficulty. His condition deteriorated and he died the next day after an illness of 36 hours. As the clinical suspicions of diphtheria were strong in this case a necropsy was carried out within a few hours of death.
At postmortem examination the patient was a short, stocky mongol. In addition to marked oedema of the glottis and congested and swollen cervical lymph nodes and tissues there was a greyish-yellow membrane present over the tonsils which extended in continuity down the larynx, trachea, and bronchi merging in the bronchioles with obvious pus (fig 6) . Over the base of the tongue and tonsils the membrane appeared dry and tough but in the trachea and bronchi it was more easily detached. The lungs showed foci of bronchopneumonia.
Other positive findings were a membranous upper ventricular septum in the heart, a small spleen with a soft pinkish-grey pulp, undescended testicles, and a small area of cortical softening on the under surface of the right temporal lobe. Swabs from the membrane yielded morphological diphtheria bacilli which on further investigation were shown to be virulent and toxigenic C. diphtheriae mitis.
Histology showed a membranous tonsillitis and tracheitis and suppurative bronchopneumonia An outbreak of diphtheria in a hospital for the mentally subnormal but no convincing diphtheritic organisms were seen in Gram-stained sections (figs 7 and 8). Sections of the cervical lymph nodes, however, revealed characteristic necrotizing lesions of the germinal centres of the lymphoid follicles (fig 9) in addition to congestion and oedema in the nodes and surrounding tissues. No specific histological changes were found in heart muscle, nervous tissue, or other organs.
Case 4
This was a severely subnormal deaf and dumb male of 49 needing constant attention. In contrast to the other cases his general health had been good. On 29 May a throat swab was taken but no C. diphtheriae was isolated. On 31 May (seven days after case 3) at 10.0 am he became ill with a temperature of 102-20F. (390°(C), pulse 134 per minute, and respirations of 34 per minute. His throat was parched with an adherent membrane on the left side with the impression of an underlying pharyngeal abscess. In addition there was a conjunctivitis and a nasal discharge. Before 7.0 pm, when he collapsed and died, he had received two large doses of erythromycin. The total length of illness was nine hours.
At postmortem examination the patient was well nourished with a membranous tonsillitis, laryngotracheitis, and bronchopneumonia. There was a cervical lymphadenitis, and a moderate splenomegaly with a soft pinkish-grey pulp.
Swabs of the membrane grew C. diphtheriae mitis. Histology revealed similar findings in the tonsils, respiratory tract, and cervical lymph nodes as in case 3.
Cases S This was the only death during the second outbreak. He was a severely subnormal epileptic patient of 23 years, doubly incontinent, untidy, and destructive. He had a tendency to injure himself by banging his head against various objects. He spoke a few words and could just manage to feed himself. There was a past history of numerous skin infections treated by antibiotics and he was heavily sedated for epilepsy. He was the only patient not immunized against diphtheria after the first outbreak. His illness commenced on 23 November (five months after the last fatal case) at about midday with a temperature of 101°F (38-3°C) with severe pharyngitis and obvious clinical upper respiratory tract obstruction. The throat was difficult to see clearly but the left tonsil was noted to be enlarged with a covering of necrotic exudate; the right tonsil was similar but to a lesser degree. The cervical lymph nodes were slightly enlarged. Auscultation of the chest revealed poor air entry and generalized crepitations. Benzylpenicillinwas immediatelygiven and later he received 5000 units of diphtheria antitoxin. Although the patient's condition at 9.30 pm gave no rise for concern, he collapsed and died suddenly at 4.20 am. The total length of illness was 161 hours.
At postmortem examination the patient was a thin young male with an adherent membrane from the nasopharynx down the larynx and trachea and continuing as far as the medium-sized bronchi. The lungs showed severe congestion and oedema with patchy irregular areas of bronchopneumonia. The cervical lymph nodes were haemorrhagic and oedematous. There was generalized visceral congestion and in the brain a dilated right lateral ventricle.
SIMILARITY OF NECROPSY FINDINGS
In the four postmortem examinations on the fatal diphtheria cases the findings were strikingly similar. In the nasopharynx and tonsil the diphtheritic membrane consisted of two elements, namely, a superficial thick, fibrino-purulent exudate and inflamed and necrotic underlying tissue. This was particularly striking in the tonsil where the surface exudate followed exactly the contours of the tonsillar crypts and merged with the underlying inflamed and necrotic lymphoid tissue. The squamous epithelium of the tonsil had disappeared. The deeper tonsillar lymphoid tissue showed intense inflammation with an outpouring of fibrin continuous with that on the surface, and many of the germinal centres showed either necrosis or marked degenerative changes. It is this binding together of the surface exdudate and necrotic underlying tissue by fibrin on the tonsil that presumably makes the detachment of the membrane difficult during life whereas the membrane formed in the larynx, trachea, and bronchi involving a single layer of epithelium is easily detached. In fact all were cases of pharyngo-laryngo-tracheobronchial diphtheria with the formation of pseudocasts of the trachea precisely similar to that depicted in 'A treatise on pathological anatomy' by W. E. Horner, published in 1829 (fig 10) . The fact that the diphtheritic membrane could take this form, coupled with the lack of initial corroborative bacteriological evidence, led to some delay in establishing the identity of the disease.
Bacteriology
Although other swabs were taken the only isolations were from the noses and throats of cases or carriers. The organisms isolated appeared to be similar to and typical of C. diphtheriae mitis, the only variation being that five strains were non-toxigenic on Elek plates and avirulent for guinea pigs. 
